We investigated whether the detection of prostate specific membrane antigen (PSMA) in blood preoperatively has predictive value for biochemical recurrence (BCR) after radical prostatectomy in patients with prostate cancer. All 134 patients scheduled to receive radical prostatectomy for prostate cancer were prospectively enrolled. The authors used nested reverse transcriptase-polymerase chain reaction (RT-PCR) assay to detect PSMA mRNAbearing cells in peripheral blood, and analyzed the ability of PSMA mRNA positivity to predict BCR after surgery. PSMA-mRNA was detected in 24 (17.9%) patients by RT-PCR. Over a median follow-up of 20 months (range, 3 to 46 months), BCR developed in 15 patients (11.2%) and median time to BCR was 7 months (range, 3 to 25 months). KaplanMeier analysis revealed a significant difference between those positive or negative for PSMA in terms of recurrence-free actuarial probability (log rank P=0.0039). Multivariate analysis showed that positivity for PSMA mRNA (HR: 3.697, 95% CI 1. 285-10.634, P=0.015) and a biopsy Gleason score of ≥7 (HR: 4.500, 95% CI 1.419-14.274, P=0.011) were independent preoperative predictors of BCR. The presence of PSMA mRNA in peripheral blood can be used to predict BCR after radical prostatectomy.
INTRODUCTION
Radical prostatectomy is considered a standard treatment for patients with localized prostate cancer. However, some patients experience recurrence after surgery, and this is known to be associated with prostate-specific antigen (PSA), Gleason score (GS), and disease stage. Furthermore, recurrence is believed to be caused by clinically undetectable amounts of micrometastatic prostate cancer (1) . To predict recurrence after treatment accurately, an improved method for detecting micrometastatic prostate cancer is required. Several means of detecting prostate cancer cells in blood have been used during investigations on the molecular staging of prostate cancer, and one of these techniques, namely, reverse transcriptase-polymerase chain reaction (RT-PCR), has been used on several occasions to detect circulating prostate cells (2, 3) .
Prostate specific membrane antigen (PSMA) is a 750-aminoacid, type 2 transmembrane glycoprotein expressed on prostate epithelial cells, and has been shown to be highly prostate specific and to be expressed in a disease progression dependent manner (4) (5) (6) (7) (8) . Many studies have been performed to determine the predictive value of PSMA as a predictor for accurate pathologic stage, but their results are still inconclusive (9) (10) (11) . Furthermore, studies on the prognosis of prostate cancer following surgery according to PSMA detection are limited (8, 12) .
In the present study, we investigated whether the presence of PSMA mRNA in blood has predictive value for biochemical recurrence (BCR) after radical prostatectomy.
MATERIALS AND METHODS

Patient selection
One hundred and thirty four patients scheduled to receive radical prostatectomy for prostate cancer at our institution from March 2005 to October 2008 were prospectively enrolled. Eligible patients were required to have histologically proven adenocarcinoma of the prostate; patients that previously undergone hormonal or radiation therapy were excluded. The Institutional Review Board of the Korean National Cancer Center approved the study protocol (NCCNCS 05-049) and informed consent was obtained from all patients for the collection of clinical data, and for serum and tissue samples. Patients underwent radical prostatectomy and standard pelvic lymph node dissection. Postoperatively, no adjuvant hormonal or radiotherapy was performed until BCR had developed. ated cell fractions were isolated from 5 mL whole blood samples (anti-coagulated with EDTA [ethylenediaminetetracetic acid]) by Percoll gradient centrifugation (Amersham Biosciences, Uppsala, Sweden). RNA extraction and reverse transcription were performed as described in a previous report (13) .
Polymerase chain reaction and nested PCR All primers used in this study were custom designed by Bioneer (Daejeon, Korea). The intron spanning primer pairs specific for human PSMA were:-sense, 5´-CAG ATA TGT CAT TCT GGG AG GTC-3´; antisense, 5´-AAC ACC ATC CCT CCT CGA ACC-3´. For nested PCR, the sense and antisense primers were replaced by 5´-CCT AAC AAA AGA GCT GAA AAG CCC-3´ and 5´-ACT GTG ATA CAG TGG ATA GCC GCT-3´ respectively. The housekeeping gene β-actin was used as an internal control. PCR reactions were performed in a total volume of 20 μL containing 1 μL of RT product, 1 μM of sense and 1 μM of antisense primer, 10 mM Tris-HCl (pH 9.0), 30 mM KCl, 1.5 mM MgCl2, 0.25 mM of each dNTP, and 1 U Taq-DNA polymerase (Bioneer, Daejeon, Korea). Amplification of cDNA (0.5 μg) was performed using a tube-controlled thermal cycler (MJ Research, Waltham, MN, USA). For nested PCR, 2 μL of PCR products were amplified for an additional 40 cycles using the same reagents, but original primers were replaced with nested primers.
RT-PCR assay sensitivity
RT-PCR assay sensitivity was determined by assaying dilutions of LNCaP human prostate cancer cells in peripheral blood mononuclear cell (PBMC) suspensions prepared from normal donors. In our previous study, it was found that the mRNAs of 10 LNCaP cells diluted in 10 7 PBMCs from healthy donors could be detected by nested RT-PCR for PSMA. In the present study, all samples subjected to qualitative RT-PCR for PSMA mRNA were assayed several times to confirm test reproducibility, and results for individual samples were only subjected to further analysis after initial test results (positive or negative) had been confirmed by retesting.
Analysis of PCR products
PCR products (10 μL) premixed with loading dye in the PCR kit (Bioneer) and loaded into 2% agarose gel in TBE buffer (0.1 M Tris [pH 8.4], 90 mM boric acid, 1 mM EDTA), and subjected to electrophoresis for 60 min. Gels were stained with ethidium bromide and amplicons were visualized using a UV-transilluminator. To ensure internal consistency, all RT-PCR assay results were scored by two investigators unaware of clinical or pathologic data.
Pathological analysis
Complete transverse sections were taken from the apex to base of excised prostrates at 4 mm intervals. All excised prostates were examined by a single pathologist and staged according to the TNM system of the International Union Against Cancer. Gleason scores, the presence of extracapsular extension, and evidence of seminal vesicle invasion were documented.
Follow up
All 134 patients were scheduled for a digital rectal examination and a serum PSA evaluation every 3 months for the first two postoperative years, biennially during the third to the fifth years, and annually thereafter. BCR was defined as a sustained PSA elevation of >0.4 ng/mL on two or more occasions. Clinical outcome analysis was performed using the NCC prostate cancer database of clinical and pathologic data.
Statistical analysis
Initially, Fisher's exact test was used to determine whether PSMA positivity was related to clinical factors. BCR-free survival curves were generated separately using the Kaplan-Meier method for patients with positive and negative RT-PCR results, and differences between the two curves were evaluated using the log-rank test. To identify factors capable of predicting BCR, univariate and multivariate recurrence analyses were performed using the Cox proportional hazards regression model. Statistical significance was accepted for P values of <0.05. All analyses were performed using the SPSS software package (version 12.0 for Windows 2000 ® , SPSS, Inc., Chicago, IL, USA).
RESULTS
Patient characteristics
Mean patient age of the 134 patients was 60.3 years (range 49 to 70). Preoperatively, initial preoperative serum PSA levels ranged from 1.9 to 40.0 ng/mL (mean: 10.4 ng/mL, median: 7.8 ng/mL). 
DISCUSSION
The success of radical prostatectomy is dependent on the confinement of the cancer to the prostrate. Pretreatment PSA level, biopsy GS, and clinical stage have been considered to be preoperative predictors of organ confinement. However, clinical stage based on digital rectal and radiologic examinations, is inadequate for predicting the presence of extraprostatic extension (14) . Furthermore, biopsy-based Gleason scores are unsuitable predictors, because cancers graded by biopsy often differ from final surgical specimen findings (15) . Moreover, pretreatment PSA levels may be dependent on benign conditions, such as, benign prostatic hyperplasia and inflammation in addition to tumor burden (16) . Therefore, new strategies that can improve the accuracy of tumor staging are urgently required to identify appropriate candidates for radical prostatectomy.
Regarding studies on the molecular staging of prostate cancer, many researchers have attempted to detect circulating cancer cells in peripheral blood or bone marrow using molecular techniques (2, 3) . In particular, RT-PCR is a potentially powerful molecular tool for detecting small numbers of cancer cells, and can detect tumor specific marker-expressing cells that are otherwise undetectable. In terms of molecular markers specific for prostate cancer, PSA, prostate stem cell antigen (PSCA), PSMA, and human kallikrein-2 (hK2) have been investigated (17) (18) (19) .
PSMA is a typical cell-surface marker of prostate cancer, and is an integral type 2 membrane protein that is abundantly and almost universally expressed in prostate carcinoma (4) (5) (6) . Based on studies, which included patients with metastases, the rate of PSMA detection in blood by RT-PCR ranges from 39 to 91%, and in patients with localized prostate cancer, PSMA positivity ranges from 10 to 72% (10, (20) (21) (22) . In the present study, PSMA-mRNA was detected in 14.4% with pT2 disease and in 25.7% with pT3 disease. The wide range of reported positivities is probably due to different patient characteristics and RT-PCR assay sensitivities. With regard to relationship between RT-PCR findings and clinical parameters, several studies have failed to reveal a correlation between PSMA positivity and pathologic stage, GS, or serum PSA level, which concurs with our observations (10, (20) (21) (22) .
Theoretically, PSMA detection by RT-PCR in patients with localized prostate cancer suggests the dissemination of potential micrometastatic disease, which cannot be detected by even postoperative pathologic analysis. However, previous studies have focused on determining the accuracies of RT-PCR results in terms of predicting pathologic stage in patients with prostate cancer (9-11), and to our knowledge, studies conducted over the past 10 yr on the use of molecular tools, such as, RT-PCR, for accurate pathologic staging have, as yet, failed to yield consistent results. However, given that pathologic stage and GS in surgical specimens are well-established prognostic factors of recurrence after surgery, we undertook to evaluate the predictive value of circulating tumor cells preoperatively in patients scheduled to undergo definitive treatment, such as surgery or radiation therapy. Few reports have presented relations between RT-PCR and prognostic value, such as, recurrence-free survival, and the role of RT-PCR in this context has not been determined (8, 12) . Our finding that the presence of PSMA mRNA in peripheral blood can predict BCR after radical prostatectomy in patients with prostate cancer has substantial practical implications. Moreover, our results strongly indicate that PSMA detection in peripheral blood can predict disease recurrence after surgery, and show that nested RT-PCR for PSMA is a more potent predictive parameter than clinical parameters, such as, preoperative PSA level, biopsy GS, and clinical stage. Accordingly, our findings suggest that RT-PCR assays for PSMA could help identify appropriate patients for radical prostatectomy. Furthermore, a positive RT-PCR PSMA status was found to be a potent independent postsurgical predictor of recurrence by multivariate analysis incorporating postsurgical parameters, such as, pathological stage, GS, LV tumor emboli, and a positive surgical margin (RT-PCR PSMA [HR: 3.887, 95%CI 1.284-11.771, P=0.016] stage ≥pT3 [HR: 2.254, 95%CI 0.915-11.052, P=0.069]). Finally, our findings also suggest that PSMA status should be closely followed to detect localized disease recurrence.
The present study has several limitations that require consideration. First, it is controversial as to whether circulating tumor cells always cause recurrence. Therefore, additional follow-up is required to assess the significance of circulating prostate cancer cells in peripheral blood. Second, over a median follow-up of 20 months (range, 3 to 46 months), BCR developed in our cohort in less than 25 months (median 7 months, range 3 to 25), which is too short a follow-up to enable us to comment on long-term results or on delayed BCR development.
In conclusion, PSMA mRNA detection by RT-PCR in peripheral blood can be a potent preoperative predictor of BCR after radical prostatectomy.
